ABSTRACT. Endothelin-1 (ET-1) is the most potent endogenous vasoconstrictor and is involved in several vascular disorders such as hypertension. Its strong interaction with other vasoactive hormone systems suggests that the ET-1 gene (EDN1) is a potential candidate molecule that influences the risk of developing hypertension. Recently, two single nucleotide polymorphisms in EDN1 have been reported to be associated with hypertension: Lys198Asn and 3A/4A (-134delA) located in the 5'-untranslated region. To determine the association of these two polymorphisms with hypertension, we genotyped patients and controls (N = 537) and compared the allele and genotype frequencies between groups. There was no significant difference in the genotype frequencies of these two polymorphisms between healthy controls and hypertension patients. Although previous reports have revealed a significant interaction between the END1 Lys198Asn (G/T) polymorphism and body mass index in association with hypertension, no such relationship was observed in the present study. Further, we compared blood pressure among hypertensive subjects and observed that neither systolic nor diastolic blood pressure was significantly associated with variations in the genotypes of the two single nucleotide polymorphisms. In summary, these two END1 polymorphisms do 
INTRODUCTION
Hypertension is becoming an increasingly serious public health problem worldwide (Banno et al., 2007) . More than one in five adults develop hypertension, which is the most significant modifiable risk factor for heart disease and stroke. The onset of hypertension is influenced by both environmental and genetic factors, and a vast amount of research has been conducted to identify susceptibility loci in humans (Carretero and Oparil, 2000a,b) . Nonetheless, no genetic polymorphism has been identified to date that is consistently associated with hypertension in humans. Endothelin-1 (ET-1) expression has been linked to resistance artery remodeling, suggesting that it may increase the risk of hypertension development (Schiffrin, 2000; Delarue et al., 2004; Dhaun et al., 2008; Barton and Yanagisawa, 2008) . The ET-1 plasma level was higher in patients with essential hypertension than in normotensive subjects and paralleled the severity of target organ damage. The ET receptor gene was also found to be overexpressed in the arteries of hypertensive patients, which suggests that ET-1 contributes to the pathogenesis of hypertension by means of endothelial dysfunction or proliferation of vascular smooth muscle cells (Yanagisawa et al., 1988; Shichiri et al., 1990; Schiffrin and Thibault, 1991; Schiffrin et al., 1997) . Further support for the association between ET-1 and hypertension comes from a study demonstrating that treatment with an ET receptor antagonist for chronic hypertensive patients reduced blood pressure (Ergul et al., 1996; Tiret et al., 1999; Iglarz et al., 2002) . Collectively, these several lines of evidence implicate a role for ET-1 in hypertension; therefore, the ET-1 gene (EDN1) has been proposed as a candidate risk factor for hypertension (Fan et al., 2012) . In the present study, to examine the effect of polymorphisms of EDN1 on the risk of hypertension, we analyzed the association between two EDN1 variants, a 138A insertion/deletion (I/D) and the 5665G/T transversion (Lys198Asn), and hypertension in a large Chinese population.
MATERIAL AND METHODS

Ethics statement
This study was approved by the Ethics Committee of the Fourth Affiliated Hospital of Nanchang University. Written informed consent was obtained from all participants before the start of the study.
Study population
A total of 423 hypertensive subjects (281 men and 142 women; average age: 59.1 ± 10.5 years) were recruited from the Fourth Hospital of Nanchang University. Normotensive subjects among 114 healthy volunteers (76 men and 38 women; average age, 58.5 ± 9.4 years) were selected randomly. Each subject was assigned to one of the blood pressure diagnostic categories defined by the following criteria. Hypertensive subjects had a previous diagnosis of hypertension and were being treated with antihypertensive medication, or their systolic/ diastolic blood pressure (SBP/DBP) was >140/90 mmHg. Normotensive subjects had never been treated with medication for hypertension, and their SBP/DBP was <140/90 mmHg.
Clinical data and survey of life habits
Using a standard mercury sphygmomanometer, the same nurse measured blood pressure twice consecutively with a 5-min interval in seated subjects who had rested for ≥5 min. Phase I and Phase V Korotkoff sounds were recorded as SBP and DBP, respectively. The mean value of the two measurements was used as the blood pressure value. Body mass index (BMI), measured as body weight (kg) divided by height squared (m 2 ), was used to categorize subjects as obese or not, where obesity was defined as BMI ≥25 kg/m 2 . Blood samples were drawn into disposable plastic vacuum tubes from a peripheral vein. Serum total cholesterol (TC), low-density lipoprotein-cholesterol (LDL-C), and fasting blood sugar (FBS) were measured using an autoanalyzer (SIEMENS ADVIL 2400, USA) and determined enzymatically using commercial enzyme kits (SIEMENS original reagent, USA). Smoking and alcohol drinking habits were assessed using a questionnaire on lifestyle factors.
DNA samples
Genomic DNA from the blood samples was extracted using a Qiagen kit (Qiagen Sciences, Germantown, MD, USA). We genotyped two single nucleotide polymorphisms (SNPs: A138I/D and Lys198Asn) by polymerase chain reaction-direct sequencing using the ABI-3100 sequencer (Applied Biosystems, Foster City, CA, USA). Specific primers were designed based on genomic sequences containing these SNPs obtained from GenBank (rs5370, rs10478694), and primer sequences are shown in Table 1 . Information on thermal cycling conditions will be provided on request. Table 1 . Primer sequences for amplification of two single nucleotide polymorphisms of the endothelin-1 gene.
Name of primer
Nucleotide sequences +138insA/delA (rs10478694) Forward
Statistical analysis
The quantitative variables for clinical characteristics are presented as means ± SD and were analyzed using an unpaired Student t-test. For each SNP, the distribution of genotypes in patients and controls was tested for deviations from Hardy-Weinberg equilibrium by a chisquare test. Statistical analysis was performed with the use of Fisher's exact test. A value of P < 0.05 was considered significant. Odds ratios and 95% confidence intervals were used to estimate the risk of association with genotypes. The chi-square test for association was used to evaluate the difference in genotype frequencies between healthy controls and hypertension patients.
RESULTS
The distribution of sex and lifestyle factors, as well as various quantitative variables (age, BMI, TC, LDL-C, FBS, SBP, DBP) in healthy controls and hypertension patients are shown in Table 2 . Except for sex distribution and age, all variables were significantly different between the two groups (P < 0.01), in which the mean values were higher in cases than in controls for all parameters tested. The proportion of incident cases of hypertension was larger among alcohol drinkers and smokers than among nondrinkers and nonsmokers (P < 0.001 for both). Two previously known polymorphisms associated with hypertension were detected in END1: a) an "A" insertion (I)/deletion (D) in exon 1 at position +138 (rs10478694), designated as 3A/3A (wild type/deletion), 3A/4A, 4A/4A (mutation/insertion); and b) a G/T transversion at position +5665 (rs5370) affecting the 61st nucleotide of exon 5, which results in substitution of a Lys residue at codon 198 with Asn (K198N). The latter polymorphism is commonly designated as -Lys198Lys, Lys198Asn, Asn198Asn. We designed primers to analyze the genotype and allele frequencies for these two polymorphisms in patients and normal controls and conducted a case-control comparison. Polymorphisms 138AI/D and 5665G/T (Lys198Asn) of END1 were in Hardy-Weinberg equilibrium (P > 0.05) in patients and normal controls. The genotype frequencies of these two SNPs in hypertension cases and healthy controls are summarized in Table 3 . For the 3A/4A polymorphism, the frequency of heterozygotes (3A/4A) among hypertension patients (43.8%) was similar to that in the healthy controls (51.7%). In addition, the odds ratio for the dominant model was not statistically significant in the hypertension patients (P = 0.819). Similarly, there was no significant difference in the distribution of allele and genotype frequencies for the Lys198Asn polymorphism in exon 5 between hypertension patients and healthy controls (Table 3 ). These results indicate that there are no associations between the genotype distributions of these two SNPs and hypertension risk in the Chinese population.
To further investigate the relationship between the selected SNPs and essential hypertension, we measured SBP and DBP among hypertensive subjects and found no association between blood pressure and genotypes of either SNP (Table 4) .
In contrast to previous reports, there was no significant interaction between the Lys198Asn (G/T) polymorphism and BMI in association with hypertension in the present study (Table 5) . 
DISCUSSION
Association studies are often irreproducible among populations; therefore, replication studies in large populations are indispensable to establishing an association between a gene and disease. Despite the wealth of information obtained from animal models and pharmacological interventions supporting a role of ET-1 as a significant factor in hypertension, the direct relationship of ET-1 plasma levels to hypertension remains controversial (Jin et al., 2003) . Further support for this relationship has been provided based on associations of EDN1 polymorphisms with hypertension. Previous research has predominantly focused on the Lys198Asn polymorphism as a possible risk factor, with the T allele being associated with increased blood pressure in several studies of European, Australian, Japanese, and American subjects (Barden et al., 2001 ). Several reports have described that the Lys198Asn polymorphism in EDN1 showed a positive association with blood pressure elevation in overweight people, both in Caucasians and Japanese subjects (Pinto-Sietsma et al., 2003) . Another study focusing on pregnant women showed that the Asn allele was associated with hypertension, and homozygotes with Asn198 had a significantly increased plasma ET-1 level compared to women with other genotypes (Colombo et al., 2006) . These studies suggested that the Lys198Asn polymorphism may affect hypertension regulation through the production of ET-1. In the present study, we analyzed the association between two END1 gene variants, 138AI/D and 5665G/T (Lys198Asn), and hypertension in one large Chinese population. We genotyped the patients and controls (N = 537) and compared the allele and genotype frequencies between groups. We found that there was no significant difference in the genotype frequencies of these two polymorphisms between healthy controls and hypertension patients. These results suggest that these two polymorphisms do not play a major role in hypertension development in the Chinese population. These results also suggest that although the END1 polymorphism itself may not influence the risk of hypertension, it may nevertheless be involved in the pathogenesis in combination with another genetic variant in linkage disequilibrium with it in the Chinese population. Although ET-1 is known to be a strong vasoconstrictive agent in vitro, there has been no direct evidence showing a causative effect of END1 in hypertension reported to date. Several reports suggest that an increase in ET-1 concentration is associated with progression of hypertension and that high blood pressure promotes an increase in ET-1, but these results are subject to debate (Böhm et al., 2002) . Thus far, the interaction between the Lys198Asn polymorphism and BMI in association with blood pressure and hypertension has been assessed in five large populations (Tanaka et al., 2004; Bühler et al., 2007) . Although these populations were evaluated with different study designs and show different overall characteristics, including BMI and ethnicity, all of the results showed a similar trend, suggesting the presence of an interaction. Given these several lines of biological evidence from different populations, END1 has been proposed as a promising candidate gene for influencing the risk of hypertension development (Fan et al., 2012) . The lack of a significant interaction between the END1 Lys198Asn polymorphism and hypertension in the present study may be due to the unstable nature of blood pressure and the presence of treated hypertensive subjects in this cohort. Thus, in some populations, blood pressure may be an informative variable, but could provide less accurate information compared to categorical hypertension status.
However, no previous study had examined the functional consequence of the -134delA polymorphism in END1. Because the -134delA polymorphism is located in the non-coding region of the EDN1 gene, it is likely that the polymorphism results in modification of gene expression or influences the stability of the mRNA rather than directly impacting its function.
In conclusion, our results indicate that there is no significant association of the EDN1 Lys198Asn and -134delA polymorphisms with hypertension in the Chinese population. Therefore, we propose that another variant in linkage disequilibrium with this polymorphism might be responsible for the association with hypertension via plasma ET-1 up-regulation, or that an interaction between the EDN1 Lys198Asn polymorphism and other factors such as obesity might be involved in the mechanisms contributing to elevating blood pressure in vivo.
Conflicts of interest
The authors declare no conflict of interest.
ACKNOWLEDGMENTS
We thank Dr Xiaoshu Cheng for providing assistance in this research.
